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Abstract 
The ovine growth hormone gene has been isolated and sequenced, together with about 1 kbp of DNA 
flanking each end of the gene. The structure of the gene is similar to that found for other growth hormone 
genes, particularly the bovine gene, and has a primary transcript of 1792 bp, with five exons, and with 
intron sizes of 264 bp, 231 bp, 227 bp and 273 bp. 

The gene is flanked by artiodactyl-specific middle-repetitive DNA, consisting mainly of elements 
belonging to the 'C-A3' family of repeated DNA. A previously unreported sequence has been found, 
which we have named an 'E' element. 

Introduction 

The transfer of recombinant DNA into animals by micro injection into the pronuclei of 
one-cell embryos has been demonstrated in mice, pigs, rabbits and sheep (Hammer et al. 1985; 
Brem et al. 1986; Palmiter and Brinster 1986; Pursel et al. 1986; Nancarrow et at. 1987). This 
provides a technique for the manipulation of phenotypic characters which may have practical 
value for the farming industries. One of the most important of these is the growth rate of 
the animal. By introducing into mice a fusion gene consisting of a growth hormone coding 
sequence and the promoter sequence of a mouse metallothionein gene (Palmiter et al. 1982, 
1983), growth rate has been altered substantially due to the elevation of circulating growth 
hormone levels. 

The growth response of transgenic mice appears insensitive to the coding sequence of the 
growth hormone gene, since metallothionein promotor fusions to bovine, human or porcine 
growth hormone coding sequences give essentially similar increases in growth rate (Palmiter 
et at. 1982, 1983; Michalska et al. 1986a). For domestic animals, powever, the coding sequence 
may need to encode the hormone specific to each species, since transgenic pigs which expressed 
the human or the bovine growth hormone did not show any increase in growth rate (Hammer 
et at. 1985; Pursel et al. 1986); but when they contained the porcine coding sequence, their 
growth rate increased by about 25070 (Michalska et al. 1986b). 

The species we are using for gene transfer experiments is the Australian Merino and, there­
fore, we have isolated and characterized the ovine growth hormone gene. Ovine growth hor­
mone is a polypeptide of 191 amino acids, similar in structure to other members of the ver­
tebrate growth hormone family, in particular the bovine hormone, with which it has a 98.7% 
homology in amino acid sequence (Wallis 1978). In this paper we have studied the structure 
of the ovine gene and its surrounding repeated sequence DNA elements. We have also compared 
it with the bovine gene, thereby defining the nature and boundaries of some of the repeated 
sequence elements adjacent to the bovine gene. 

0004-9417/87/0459$02.00 



460 Carolyn R. Byrne et al. 

Materials and Methods 

Restriction enzymes, RNAase H, EcoRI methylase, DNA polymerase I and DNA polymerase (Klenow 
fragment) were obtained from Boehringer Mannheim, Australia, or New England Biolabs, U.S.A., 
oligo(dT)-cellulose (type 7) from P.L. Biochemicals, U.S.A., reverse transcriptase from Life Sciences, 
U.S.A., T4 DNA ligase, DNA nick-translation kit 'and [32PJ-labelled deoxynucleotides from BRESA, 
Australia, and L-[35SJ-methionine and [125IJ-labelled protein A (Staphylococcus aureus) from The 
Radiochemical Centre, Amersham, U.K. Goat anti-rabbit immunoglobulin-horseradish peroxidase 
conjugate was obtained from Biorad, U.S.A. Rabbit anti-ovine growth hormone antibody was donated 
by A. Wallace, CSIRO, and donkey anti-rabbit serum antibody was donated by M. Radford, CSIRO. 

All other chemicals were reagent grade when possible. 

Preparation of RNA 
Pituitaries were collected from Merino sheep and total RNA was isolated by the methods of Martial 

et al. (1977) and Ward and Kasmarik (1980). Polyadenylated RNA was prepared by affinity chromato­
graphy on oligo(dT)-cellulose (Bantle et al. 1976). 

Preparation and Cloning of cDNA 
Double-strand cDNA was prepared by standard techniques (Maniatis et al. 1982), using RNAase H 

priming for the second strand synthesis (Gubler and Hoffman 1983). The resultant cDNA was inserted 
into DNA of the expression phage }..gtll-Amp3 (Kemp et al. 1983), packaged in vitro, and used to infect 
Escherichia coli BTA282. 

Immunological and Hybridization Screening· of the j:DNA Library 
After plating, bacterial colonies were replicated onto nitrocellulose filters and grown for 8 h at 30°C 

and the phage was induced by incubating for 2 h at 42°C. Cell lysis and colony immunoassay were 
performed by the method of Helfman et al. (1984), substituting 0.050/0 Tween-20 for Triton X-IOO in 
the washing steps. 

The antiserum to sheep growth hormone was preabsorbed to a lysate of the parental bacterial strain 
BTA282 containing }..gtll-Amp3 (Helfman et al. 1984) and used directly on the filter at a dilution sufficient 
to detect 1 ng of purified ovine growth hormone. 

Bound antibody was detected with [125IJ-labelled protein A (4.5 /tCi per filter, 36 mCi per mg), or 
by enzyme immunoassay using a goat anti-rabbit immunoglobulin-horseradish· peroxidase conjugate 
(Biorad, 1 : 18 000 dilution), using a solution of 0.5 mg/ml 4-chloro-l-naphthol and 0.01% (v/v) 
hydrogen peroxide for colour development. 

Hybridization screening of colonies was by the method of Grunstein and Hogness (1975). 

Genomic DNA Library Screening 
A sheep genomic library constructed in phage }"Charon 4A was screened by standard techniques (Mani­

atis et al. 1982), using a nick-translated probe consisting of the full-length sheep growth hormone cDNA. 
Clones containing the growth hormone sequence were mapped by restriction enzyme analysis and the 
gene subcloned into the plasmid pBR322 prior to sequencing. 

DNA Sequencing 
Cloned cDNA inserts were sequenced by the chain-terminating method of Sanger ei al. (1977), using 

the M13 cloning vehicles of Messing et al. (1977, 1981). 
Primer extension experiments were performed as described by Hudson and Davidson (1984). 

Results 

Isolation of the Ovine Growth Hormone Gene 
In order to isolate the genomic growth hormone sequence, an ovine growth hormone cDNA 

was first isolated using the expression vector Agtll-Amp3, and used to screen a library of sheep 
genomic sequences, cloned as a partial EcoRl digest in the vector ACharon 4A. Phage plaques 
which showed strong hybridization were purified and their DNA inserts examined. The base 
sequence of the gene was obtained from clone AOGH2. A restriction map for the insert of 
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this clone is shown in Fig. 1. The growth hormone gene was entirely located within a 3.9 kb 
BamHII HindIIl fragment, which was subcloned into the plasmid pBR322 and mapped in finer 
detail. The base sequence of a 1.9 kb BamHII KpnI fragment was then determined, together with 
about 500 bp of DNA surrounding each end of this fragment. The sequence is shown in Fig. 2. 

o 2 3 4 5 6 7 8 9 kilobase pairs 
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Fig. 1. Restriction enzyme map of genomic clone AOGH2 encoding the ovine growth hormone gene, 
together with a diagram of the repeated sequence DNA which flanks the gene. Exons are indicated as 
solid blocks. The nature of the repeated sequence elements is indicated by appropriate letters (see text). 
AI-A2 indicates the position of a repeat element present in the bovine but not in the ovine gene. Arrows 
indicate the orientation of the repeated elements. 

The structure of the ovine growth hormone gene is similar to that found for other growth 
hormone genes and, as expected, is very homologous to the bovine gene (Woychik et al. 1982; 
Gordon et al. 1983). By means of primer extension studies (Hudson and Davidson 1984), we 
have shown that the start of transcription is the A residue 58 bases upstream from the start 
of translation (Fig. 3). Thus, the primary transcript of the gene is 1792 bases in length, consist­
ing of five exons, with intron sizes of 246 bp, 231 bp, 227 bp and 273 bp. At the 5 f end of 
the gene, a TATAAA sequence is located at position - 30, a CATAAAT sequence at position 
- 84 and, starting at position -142, a 41 bp sequence which is highly conserved in bovine, 
rat and human growth hormone genes. At the 3 f end of the gene, an AATAAA polyadenylation 
signal is present at position 2734, with the polyadenylation site, determined from the growth 
hormone cDNA sequence, located at position 2758. 

The amino acid sequence of the mature hormone deduced from the nucleotide sequence 
of the gene differs at only one amino acid compared with the published protein sequence 
of Li et al. (1973). A 26 amino acid leader peptide can also be identified from the nucleotide 
sequence. 

It was known from amino acid sequence data that the mature ovine hormone is very similar 
to that of the bovine growth hormone (Wallis 1978). We observed only three amino acid differ­
ences between the two hormones. In the leader peptide sequence, amino acid 12 is threonine 
in the ovine sequence and alanine in the bovine sequence. In the mature protein, amino acid 
130 is valine in the ovine protein and glycine in the bovine hormone. Amino acid 99, which 
has been reported to be aspartic acid in the ovine protein (Li et al. 1973) was found to be 
asparagine in the nucleotide-derived sequence. The amino acid in this position in the bovine 
hormone is also asparagine and, since there is no significant difference in charge between the 
two hormones when examined by electrophoresis (Wallis 1978), it is probable that the nucleotide­
derived sequence is correct. 
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Fig. 3. Determination of the start of 
transcription of the ovine growth hormone 
gene by primer extension analysis. A 
PstI/ Hinfl primer fragment was prepared 
from an M13 clone using the prime, cut 
technique of Hudson and Davidson (1984). 
Lane 1 shows the primer extension product, 
against which is shown the relevant DNA 
sequence of the corresponding M13 clone. 
Lane 2 is a negative control. 

A strong sequence homology was also maintained at the nucleotide level between the ovine 
and bovine (Miller et al. 1980) cDNAs. Only three base changes were observed between the 
two 5' untranslated regions, 15 base changes between the two coding portions, and four base 
changes and a six base bovine sequence deletion in the 3' untranslated regions. 

The ovine growth hormone gene is flanked by artiodactyl-specific middle-repetitive DNA. 
One such family of sequences was identified by comparison of the growth hormone DNA 
with the consensus sequence for a family of repetitive elements found in the goat iJ-globin 
gene (Spence et al. 1985) and the bovine corticotropin-lipotropin precursor gene (Watanabe 
et al. 1982). This family has been named the 'C-A3' family (Rogers 1985). The homology be­
tween the sheep sequences and the consensus sequence is high, ranging from 760/0 to 83%. 

At the 3' end of the gene, the first repeated sequence element is located 476 bp downstream 
from the polyadenylation site (Fig. 1). It also has the overall structure of a C-A3 repeated 
element. It is 206 bp in length, bounded by 9 bp direct repeats and contains within the C 
element an RNA polymerase III split promoter (Fig. 2). Further downstream is a short trun­
cated sequence, consisting of an A3 element and part of a C-element, but no apparent flanking 
direct repeats. This suggests the occurrence of a post-insertional deletion, removing part of 
the C element and adjacent DNA. 

A third C-A3 type element is found beginning just 290 bp 5' to the transcription initiation 
site. This sequence is deleted in the A region. Interestingly, examination of the DNA sequence 
of the bovine growth hormone gene revealed the presence of this same C-A3 element 5' to 
the bovine gene. However, DNA sequences 5' to the bovine and ovine genes differ, due to 
the presence of an 'AI-A2' type repetitive element (Rogers 1985) 5' to the bovine gene. The 
insertion has occurred on the C border of the common C-A3 element (Fig. 1) and indicates 
that repetitive DNA sequences begin just 292 bp 5' to the transcription initiation site of the 
bovine gene, starting with an intact AI-A2 element, followed by the C-A3 element common 
to sheep and cattle. 

Immediately adjacent to the truncated A3 element in the sheep gene lies a copy of a previ­
ously unreported class of artiodactyl middle-repetitive DNA. We have named this an E element 
to distinguish it from the known artiodactyl sequences. Its relative position is shown in Fig. 1 
and its sequence is shown in Fig. 4 (sequence 1). The 493 bp element was identified by comparing 
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sheep growth hormone DNA with other sheep genomic sequences (B. W. Wilson, K. E. Ed­
wards, C. R. Byrne and K. A. Ward, unpublished) (Fig. 4, sequences 2, 3), and a similarity 
search on the GenBank nucleic acid sequence data bank (reI. 44.0) revealed the presence of 
the same element in a pair of related goat f)-globin pseudogenes (Cleary et al. 1981). By com­
paring the sequences of five E elements (Fig. 4), we conclude that they have no obvious RNA 
polymerase III promotor elements, but do appear to be related to the A sequences of the previ­
ously characterized C-A3 and A1-A2 elements, since they have 80 bp of sequence in common. 

10 20 30 40 50 60 70 80 90 
acctaga~~_gcatac 

taacaaqacaagccc. 
TAAAAAGTAGAAA CATTACTTTGGCAATGAAGGTCCATCTAAGTCAAAGCTATGG'M'TTTCTGGTAGTCATGTATGGATATGAGAGT 
TeAA GGAAATCTCGTTAAC TGGAGCCTA TTGGTCT AGTCAAGGCTATGGTTTTTCCAGTGGTCATGTATGGATGTGAGAGT 

tgcagatggtg8tat 
aaatactgqta- gag 

TCAAAAGCAGAGA CATTACTTTGCCAACAAAGGTCCATCT AGTCAAGGCTCTGGTTTTTCTAGTGGTCACGTATGGATGTGAGAGT 
TCAAAAGCAGAGA TATTACTTTGCCAACTAAGGTCCATCT AGTCAAGGCTATGGTTT'M'CCAGTAGTCATGTATGGATGTGTGAGT 

..... ***.* •••• ** •••• *** •• **** *.*.*.* •• * ••• -

100 "0 120 130 140 150 160 170 180 190 200 
TGAACTATAAAGAAAGCTGAGCGCTGAAGTTAAAAAGAGACACTTTTGAACTGTG TTTTAGA.GMGACTCTTGAGAGTCCCTTGGACT GCAAGGAGATCCAACCAA 
TGGACTATGAAGAAAGCTGAGCACCGAAG AATTGATGCTTTTGAACTGTGGTGl'TGGAGAAGACTCTTGAGAGTCCC'rl'GGACT GCAAGGAGATC 

AAAAA'l"l'GATGCCT'M'GMCTGTGGTGCTGGATAAGACTCCTGAAAG"I'CCCT'l'GGACA GCAAGGAGATCAAACTAA 
TGGACTGTGAAGAAAGCTGAGTGCTGAAG 
TGGACTGTGAAGAAGGCTGAGTGCCGAAG 

AA'M'GATGC'l'TTTGAACTGTTGTG'M'GGAGAAGACTCTTGAGAGTCCCTTGGACTGCAGCAAGGAGATCCAACCAG 
AATTGATGTCTTTGAACTGTGGTGTTGGAGAAGACTC'l'TGAGAGTCCCTTGGACT GCAAGGAGATTCAACCAG . . ........................ . 

210 220 230 240 250 260 270 280 290 300 310 
TCCATCCTT AAGGAAAATAGTCCTGAATATTCATTGGAAGGACT GA TGTTGAAGCTGAAATTCCAATACTTTGGCCACCTCAAGGGAAGAGTTGACTCATTGGAAAA 

AGTCCTGGGTGTTCTTTGGAAGGAC'l'TGACTGCTGAAGCTGAAACTCCAATCCTTTGGCCACCTAATGTGAAGAGCTGATTCATTGGAAAA 
TCAGTCCTG AAGGAAATCAACCCTGAATACTCATTGGAAGGACT GA TGCTGAAGCTGAAGCTCCAGTATTTAGGTCACCTGATGCAAACAGCCAACTCATTGGAAAA 
TCCATTCT AAAGATCAGCCCTGGAACTTCTTTGGAAGGAAT GA TGCTAAAGCTGAAACTCCAGTACTTTGGCC 
TCCATTCTGACAGAAGATCAGCCCTAGGA'M'TCTTTGGAAGGAAT GA TGCTAAAGCTGAAAGTCCAGTACTTTGGCC 

320 330 340 350 360 370 380 390 400 410 420 
GACTCTGATGCTGGGAAAGATTGAAGG CAGCA GAAGGGGACGACAAAGGGTAAGATGGTTGGATGGCATCACCGACTCAATGGACATGAGTTTGAGCAAG'l'TCAAG 
GACCCTGATGCTGGGMAGATTGA GGGCAGGA AGAAGGGGACGACAGTGGATGAGATGATTGGATGGCATCACCAACTCAATGGACATGAATTTGGGTAAACTCCGG 
GTCCCTAATGCTAGGAAAGATTGA GGGCAGAAGGAGAAGAGGGTGTCAGAGGATGAGATGACTGGATGGCATCACCAACTCAGTAGACATGAGTTTGAACAAGCTCTGG 

430 440 450 460 470 480 490 500 510 520 
GAGTTGGTGATGGACAGGGAGGCCTGGCGTGCTACATTCC TGGGGTC CCAAGGAGTCGGACA'l'GA CTGAGCAA CTGCAACTGAACTAAACTG AG ACTG 
GAGTTGGTGATGGACAGGGAGGCCTGGCGT CTGTGGTGCATGAGATTGGCAAAGAGTTGGACACGAGCTGAGCAACCTG AACTGAACCAAACTG AACCTACTG 
GAGTTGGTGATAGAAAGGGAAGCCTGGTATGCTGCAGTCCATGAGATC GCAAAGAGTeAGACATAA CTGAGTGA CTG AACTGACTCA TTGGAAGG ACTG 

ttgcccgc.£!9:£tcc 
tatcaaagcccagct 
atgctgaagctaaag 

Fig. 4. Comparison of five artiodactyl repeated sequence elements (see text). Sequences 1-3 are obtained 
from ovine DNA, and sequences 4 and 5 are from goat DNA (Cleary et al. 1981). Repeated sequences 
are in upper case and flanking DNA in lower case. Possible direct repeats in the flanking DNA of sequences 
1 and 2 are underlined. 

Genomic DNA Hybridization 
The sequences in the sheep genome which hybridize with the sheep GH cDNA were exa­

mined on Southern blots of EeoRI, BamHI and HindIII restriction digests of sheep DNA. 
The results obtained varied between animals. In the DNA sample analysed in Fig. 5 (le/t), 
single bands hybridized to the probe in each digest, their sizes being 7.0 kbp (EeoRI), 10.1 
kbp (HindlII) and 8.3 kbp (BamHI). This supports the view that the sheep contains a single 
growth hormone gene. However, in Fig. 5 (right), two different samples of sheep DNA are 
compared. In each sample, BamHI and HindIII digests each give rise to two bands of hybridiza­
tion, while EeoRI digests give rise to a single 12.5 kbp band in one sample, and two bands 
of 12.5 and 7.0 kbp in the other sample. One possible explanation is that there is restriction 
fragment length polymorphism due to mutations in the DNA flanking the growth hormone gene. 

Discussion 

The gene sequences for rat, human and bovine growth hormones have been elucidated in 
the past few years (Barta et al. 1981; DeNoto et al. 1981; Woychik et al. 1982; Gordon et 
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al. 1983). In each, the coding sequence is divided into five exons, and the introns in general 
are about 200-300 bp in length. The ovine gene fits this general structure. A particularly high 
homology has been found with the bovine gene. This is not very surprising in view of the short 
period of evolutionary divergence between the two species (Dayhoff 1972). 

12. 
8. 
5. 

Fig. 5. Southern blots of restriction enzyme digests from two different sheep genomic DNA samples, 
hybridized with a probe consisting of the insert from clone }'OGHl. (Left) DNA from sheep A. Sample 
1 digested with EcoRI, 2 with BamHI and 3 with HindIII. (Right) Digests 1-3 are from sheep B, digests 
4-6 are from sheep C. Samples 1 and 4 were digested with BamHI, 2 and 5 with EcoRI, 3 and 6 with 
HindIII. Sizes of indicated bands are kilobase pairs. 

The finding that the ovine gene is bounded by middle-repetitive DNA is consistent with 
similar findings for the human and rat genes (Miller and Eberhardt 1983). The function, if 
any, of these sequences remains unknown, but the strong homology of the C-element to 
eukaryotic tRNAs, the presence of a strong RNA polymerase III promoter sequence, and the 
formation of terminal repeats during insertion suggest that they are a form of transposable 
element, or 'retroposon' as defined by Rogers (1985). They might, therefore, provide a mechan­
ism for the movement or duplication of genes within the genome. The newly found E element 
located upstream from the sheep growth hormone gene has structural similarities to the previ­
ously described A elements of cows and goats. The last 80 bp of this element (as shown in 
Fig. 4) is homologous to the last 80 bp of the A portion of the C-A3 element, suggesting 
an evolutionary relationship. 

If we assume that the repeated sequence elements provide upstream and downstream bound­
aries for the ovine growth hormone gene, then the gene, and its associated regulatory elements, 
are included in a region starting 290 bp upstream from the transcription initiation site and 
ending 476 bp downstream from the polyadenylation site. The regulatory sequences would 
then be confined to the 5' flanking 290 bp of sequence, the introns, or the 476 bp 3' flanking 
region. The identification of repeated elements 292 bp upstream from the transcription initiation 
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site of the bovine growth hormone gene suggests that the overall size of the bovine gene is 
similar to the ovine gene, but insufficient sequence is available in the 3' -flanking region of 
the bovine gene to be sure of this. Nevertheless, the similar size and the first repeated element 
(290 bp for the ovine gene and 292 bp for the bovine gene) suggests that this portion of DNA 
must be maintained intact, and hence contains information essential for the function of both 
genes. 

5' flanking DNA in the rat growth hormone gene has been the subject of recent work from 
a number of laboratories. Results gained from transfection studies using a rat growth hormone­
neomycin resistance gene construct demonstrated that a region of DNA extending just 235 
bp upstream from the cap site of the rat gene is sufficient to direct cell-type specific and thyroid 
hormone regulated transcription of the rat growth hormone gene (Crew and Spindler 1986), 
although sequences required for full responsiveness to thyroid hormone are located further 
5'. Similarly, Nelson et al. (1986) used transfection studies with a growth hormone­
chloramphenicol acetyltransferase gene construct to demonstrate the existence of a cell-type 
specific enhancer located between 47 and 235 base pairs 5' to the rat growth hormone gene. 
This agrees with preliminary results of Baxter et al. (1986), who located the tissue-specific ele­
ment of the rat growth hormone gene within a region of DNA 234 base pairs 5' to the cap site. 

Acknowledgments 

The authors gratefully acknowledge the expert technical assistance of Ms Gina Moreta, 
Ms Rose Morkos and Ms Sue Armstrong during the course of this work. We would also like 
to thank Dr N. Willetts for the generous donation of the bacterial strain E. coli BTA282 for 
growth of }-.gtll-Amp3 recombinants. 

References 

Bantle, J. A., Maxwell, L. H., and Hahn, W. E. (1976). Specificity of oligo(dT)-cellulose chromotography 
in the isolation of polyadenylated RNA. Anal. Biochern. 72, 413-27. 

Barta, A., Richards, R., Baxter, J. D., and Shine, J. (1981). Primary structure and evolution of rat growth 
hormone gene. Proc. Nat! Acad. Sci. U.S.A. 78, 4867-71. 

Baxter, J. D., Cattini, P. A., Anderson, T. R., DeNoto, F. M., Gertz., B. J., Mellon, P., Slater, E. P., 
Catanzaro, D. F., Reudelhuber, T. L., and Eberhardt, N. L. (1986). Expression and hormonal control 
of the rat growth hormone gene. [Speakers Abstracts from the Sixth Annual Congress for Recombinant 
DNA Research.] DNA 5, 71-92. 

Brem, G., Brenig, B., Goodman, H. M., Selden, R. C., Graf, B., Springman, J., Hondele, J., Meyer, J., 
Winnacker, E. -L., and Krausslich, H. (1986). Gene transfer in rabbits and pigs. In 'Proceedings 3rd 
World Congress on Genetics Applied to Livestock Production. Vol. 12'. (Eds G. E. Dickerson and 
R. K. Johnson.) pp. 45-50. (Univ. Nebraska: Lincoln.) 

Cleary, M. L., Shon, E. A., and Lingrel, J. B. (1981). Two related pseudogenes are the result of a gene 
duplication in the goat {1-globin locus. Cell 26, 181-90. 

Crew, M. D., and Spindler, S. R. (1986). Thyroid hormone regulation of the transfected rat growth hormone 
promoter. 1. BioI. Chern. 261, 5018-22. 

Dayhoff, M. P. (Ed.) (1972). 'Protein Sequences and Structure 5: (National Biomedical Research Founda­
tion: Washington, D.C.) 

DeNoto, F. M., Moore, D. D., and Goodman, H. M. (1981). Human growth hormone DNA sequence 
and mRNA structure: possible alternative splicing. Nucl. Acids Res. 9, 3719-30. 

Gordon, D. F., Quick, D. P., Erwin, C. R., Donelson, J. E., and Maurer, R. A. (1983). Nucleotide sequence 
of the bovine growth hormone gene. Mol. Cell. Endocr. 33, 81-95. 

Grunstein, M., and Hogness, D. S. (1975). Colony hybridization: a method for the isolation of cloned 
DNAs that contain a specific gene. Proc. Nat! Acad. Sci. U.S.A. 72, 3961-5. 

Gubler, lJ., and Hoffman, B. J. (1983). A simple and very efficient method for generating cDNA libraries. 
Gene 25, 263-9. 

Hammer, R. E., Pursel, V. G., Rexroad Jr, C. E., Wall, R. J., Bolt, D. J., Ebert, K. M., Palmiter, R. 
D., and Brinster, R. L. (1985). Production of transgenic rabbits, sheep and pigs by microinjection. 
Nature (Lond.) 315, 680-3. 

Helfman, D. M., Feramisco, J. R., Fiddes, J. C., Thomas, G. P., and Hughes, S. H. (1984). Immunolog­
ical screening of cDNA expression libraries. Focus 6, 1-5. 



468 Carolyn R. Byrne et al. 

Hudson, G. S., and Davidson, B. E. (1984). Nucleotide sequence and transcription of the phenylalanine 
and tyrosine operons of Escherichia coli K12. J. Mol. Bioi. 180, 1023-51. 

Kemp, D. J., Appel, R. L., Cowan, A. F., Saint, R. B., Brown, G. V., and Anders, R. F. (1983). Expres­
sion of Plasmodium jalciparum blood-stage antigens in Escherichia coli: detection with antibodies from 
immune humans. Proc. Natl Acad. Sci. U.S.A. 80, 3787-91. 

Li, C. H., Gordon, D., and Knorr, J. (1973). The primary structure of sheep pituitary growth hormone. 
Arch. Biochem. Biophys. 156, 493-508. 

Maniatis, T., Fritsch, E. F., and Sambrook, J .(1982). 'Molecular Cloning: a Laboratory Manual.' (Cold 
Spring Harbor Laboratory: Cold Spring Harbor, N.Y.) 

Martial, J. A., Baxter, J. D., Goodman, H. M., and Seeburg, P. H. (1977). Regulation of growth hor­
mone messenger RNA by thyroid and glucocorticoid hormones. Proc. Nat! Acad. Sci. U.S.A. 74, 
1816-20. 

Messing, J., Crea, R., and Seeburg, P. H. (1981). A system for shotgun DNA sequencing. Nucl. Acids 
Res. 9, 309-21. 

Messing, J., Gronenborn, B., Muller-Hill, B., and Hofschneider, P. H. (1977). Filamentous coliphage 
M13 as a cloning vehicle: insertion of a HindH fragment of the lac regulatory region in M13 replica­
tive form in vitro. Proc. Natl Acad. Sci. U.S.A. 74, 3642-6. 

Michalska, A., Vize, P., Quinn, P" Wells, J. R. E., and Seamark, R. F. (1986a). Transgenic mice­
growth regulation by two porcine growth hormone gene constructs. Aust. Soc. Reprod. Bioi. (Ab­
stract) 18, 12. 

Michalska, A., Vize, P., Ashman, R. J., Stone, B. A., Quinn, P., Wells, J. R. E., and Seamark, R. F. 
(1986b). Expression of porcine growth hormone cDNA in transgenic pigs. Aust. Soc. Reprod. Bioi. 
(Abstract) 18, 13. 

Miller, W. L., and Eberhardt, N. L. (1983). Structure and evolution of the growth hormone gene family. 
Endocr. Rev. 4, 97-130. 

Miller, W. L., Martial, J. A., and Baxter, J. D. (1980). Molecular cloning of DNA complementary to 
bovine growth hormone mRNA. J. Bioi. Chem. 255, 7521-4. 

Nancarrow, C., Marshall, J., Murray, J., Hazelton: l., and Ward, K. (1987). Production of a sheep trans­
genic with the ovine growth hormone gene. Theriogenology 27, 263. 

Nelson, C., Bryan Crenshaw HI, E., Franco, R., Lira, S. A., Albert, V. R., Evans, R. M., and Rosen­
feld, M. G. (1986). Discrete cis-active genomic sequences dictate the pituitary cell type-specific expres­
sion of rat prolactin and growth hormone genes. Nature (Lond.) 322, 557-62. 

Palmiter, R. D., Brinster, R. L., Hammer, R. E., Trumbauer, M. E., Rosenfeld, M. G., Birnberg, N. 
C., and Evans, R. M. (1982). Dramatic growth of mice that develop from eggs microinjected with 
metallothionein-growth hormone fusiongenes. Nature (Lond.) 300, 611-15. 

Palmiter, R. D., and Brinster, R. L. (1986). Germline transformation of mice. Annu. Rev. Genet. 20, 
465-500. 

Palmiter, R. D., Norstedt, G., Gelinas, R. E., Trumbauer, M. E., Rosenfeld, M. G., Birnberg, N. C., 
and Evans, R. M. (1983). Metallothionein-human GH fusion genes stimulate growth in mice. Science 
222, 809-14. 

Pursel, V. G., Hammer, R. E., Bolt, D. J., Wall, R. J., Palmiter, R. D., and Brinster, R. L. (1986). 
Transgenic swine transmit foreign gene to progeny. J. Anim. Sci. 63, Suppl. 1,203. 

Rogers, J. H. (1985). The origin and evolution of retroposons. Int. Rev. Cytol. 93, 187-279. 
Sanger, F., Nicklen, S., and Coulsen, A. R. (1977). DNA sequencing with chain terminating inhibitors. 

Proc.,Natl Acad. Sci. U.S.A. 74, 5463-7. 
Spence, S. E., Young, R. M., Garner, K. J., and Lingrei, J. B. (1985). Localization and characterization 

of members of a family of repetitive sequences in the goat {3-globin locus. Nucl. Acids Res. 13,2171-86. 
Wallis, M. (1978). The chemistry of pituitary growth hormone, prolactin and related hormones, and its 

relationship to biological activity. In 'chemistry and Biochemistry of Amino Acids, Peptides and Pro­
teins'. (Ed. B. Weinstein.) Vol. 5, pp. 213-21. (Dekker: New York.) 

Ward, K. A., and Kasmarik, S. E. (1980). The isolation of wool keratin messenger RNA from sheep. 
J. Invest. Derm. 75, 244-8. 

Watanabe, Y., Tsukada, Y., Notake, M., Nakanishi, S., and Numa, S. (1982). Structural analysis of repeti­
tive DNA sequences in the bovine corticotropin-{3-lipotropin precursor gene region. Nuc/. Acids Res. 
10, 1459-69. 

Woychik, R. P., Camper, S. A., Lyons, R. H., Horowitz, S., Goodwin, E. C., and Rottman, F. M. (1982). 
Cloning and nucleotide sequencing of the bovine growth hormone gene. Nucl. Acids. Res. 10, 7197-210. 

Manuscript received 16 March 1987, accepted 28 July 1987 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -4.31, 683.71 Width 492.07 Height 22.61 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -4.307 683.7149 492.0718 22.6116 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     10
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -15.07, 685.87 Width 527.60 Height 21.53 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -15.0744 685.8684 527.6044 21.5349 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     2
     10
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -17.23, 679.41 Width 512.53 Height 29.07 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -17.2279 679.4079 512.53 29.0721 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     4
     10
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -4.31, 686.95 Width 501.76 Height 23.69 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -4.307 686.9451 501.7625 23.6884 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     6
     10
     6
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset -11.84, 690.18 Width 500.69 Height 18.30 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     -11.8442 690.1753 500.6858 18.3046 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     8
     10
     8
     1
      

   1
  

 HistoryList_V1
 qi2base



